Systematic peptide engineering and structural characterization to search for the shortest antimicrobial peptide analogue of gaegurin 5.
As part of an effort to develop new, low molecular mass peptide antibiotics, we searched for the shortest bioactive analogue of gaegurin 5 (GGN5), a 24-residue antimicrobial peptide. Thirty-one kinds of GGN5 analogues were synthesized, and their biological activities were analyzed against diverse microorganisms and human erythrocytes. The structural properties of the peptides in various solutions were characterized by spectroscopic methods. The N-terminal 13 residues of GGN5 were identified as the minimal requirement for biological activity. The helical stability, the amphipathic property, and the hydrophobic N terminus were characterized as the important structural factors driving the activity. To develop shorter antibiotic peptides, amino acid substitutions in an inactive 11-residue analogue were examined. Single tryptophanyl substitutions at certain positions yielded some active 11-residue analogues. The most effective site for the substitution was the hydrophobic-hydrophilic interface in the amphipathic helical structure. At this position, tryptophan was the most useful amino acid conferring favorable activity to the peptide. The introduced tryptophan played an important anchoring role for the membrane interaction of the peptides. Finally, two 11-residue analogues of GGN5, which exhibited strong bactericidal activity with little hemolytic activity, were obtained as property-optimized candidates for new peptide antibiotic development. Altogether, the present approach not only characterized some important factors for the antimicrobial activity but also provided useful information about peptide engineering to search for potent lead molecules for new peptide antibiotic development.